Aim: This study was conducted to evaluate bulk fill and nanohybrid resin composite at different cavity depth and after different testing periods.
INTRODUCTION
Preservation of tooth structures and development of adhesive materials with provision of maximum esthetic and strength requirements, all of these factors increased the use of bonded restorations (1) .
The resin composite type highly affects the marginal quality and the durability of the restorations. (2) The nanohybrid-based resin composite restorations showed better results with the vertical layering technique (3) . Newly developed posterior resin composite material has been introduced, which can be applied by bulk filling of the cavity preparation by increment thickness about 4mm without the need for incremental layering (4, 5) . The packing technique of the resin composite is very important factor that may affect the success or failure of the restoration. Incremental packing of resin composite has been long accepted as a standard technique for placement of resin-composite in cavity preparations for reducing the contraction gap along the margins (6) . Bonding efficiency evaluation of different restorative materials is carried out by testing the bond strength to tooth structure (dentin and/or enamel). This is achieved by applying a tensile or shear stress to the bonded specimen and measuring the load per unit area at the time of failure of the bond (7) . Nanoleakage may occur at the dentin-resin interface even with the absence of marginal gap. It serves as pathways for water movement within the hybrid layer that affect the durability. Bond degradation of the resin adhesives and materials is well documented in vitro and in vivo. Loss of bond strength is first detectable in the laboratory at 3 months (8) . Accordingly, this study was carried out to evaluate the bond degradation resistance in vivo of bulk filled posterior resin composite materials and nanohybrid composite at different cavity depths (either 2mm or 4mm) and after different testing periods (24h, 3 months and 6 months) as assessed by microtensile bond strength.
MATERIALS AND METHODS
A total of 36 patients were selected to provide seventy-two sound first maxillary premolars (one in each quarter) that were divided into two groups (36 each) according to the cavity depth (D) either 2 mm (D1) and 4 mm (D2). Each group was sub-divided into two subgroups (18 each) according to type of the resin composite used (C) either bulk fill resin composite (C1) or nano-hybrid resin composite (C2). Each subgroup was divided into three classes (6 each) according to the testing periods inside the patient mouth (T) either after 24 hours (T1), three months (T2) and after six months (T3). A standardized simple box class II occluso-mesial (OM) cavities were prepared in premolars in both arch sides. The cavities depth was adjusted to be either 2mm or 4mm in one patient. While the width was 4mm. The cavities were prepared using straight fissure carbide bur no. 57 size 010 (Brassler, Savannah, Georgia, USA). A single periodontal probe (Hu-Friedy ® Co., Rockwell St. Chicago) was used as a guide for all the cavity dimensions. Standardized Ivory matrix holder no.1 with metal matrix band MS-MA4 designed for premolars (MEBA -Schwer GmbH & Co. KG, Denkingen, Germany) was applied. After proper isolation, self etch adhesive system (Futura Bond DC; VOCO, Cuxhaven, Germany) was used and applied according to manufacturer instructions. A microhybrid bulk fill resin composite material in one universal shade (Xtra-fil; VOCO,Cuxhaven,Germany) and a nanohybrid resin composite shade A3 (Grandio; VOCO, Cuxhaven, Germany) were used in this study. Regarding the bulk fill type, for the four-millimeters cavities, one large increment of the resin composite material (Xtra-fil) was packed inside the cavity using gold plated instrument (Hu-Friedy ® Co., Rockwell St. Chicago) and light cured for 20 seconds. For the two-millimeters cavities, the same procedure was repeated. While for the nanohybrid composite, For the four-millimeter cavities, two separate increments of the resin composite material (Grandio) were packed and cured separately. For the two-millimeter cavities, the same procedure was repeated with one increment for the whole cavity.
After that the restoration was finished using 15µm grit composhape finishing diamond burs (Intensiv ® , Viganello-Lugano, Switzerland) then polished using a Sof-Lex ® Spiral Wheels (3M ESPE, St.Paul, MN, USA). According to the assigned time for extraction either (24 hours, 3 or 6 months), the restored teeth were extracted using posterior periotome instrument (Hu-Friedy Co., Rockwell St.Chicago). For the microtensile testing, each tooth with the bonded resin composite restoration was fixed on acrylic resin blocks of two cm diameter and the occlusal surface of composite restoration was marked with red permanent marker. The acrylic block was fixed in a metal attachment to be fixed to the isomet saw. The crowns were sectioned along the buccolingual and mesio-distal planes using a diamond disk (MTI Corporation, Richmond, CA, USA) in a low speed micro-slicing machine (Isomet, Buehler, Lake Bluff, IL, USA) under water-cooling, to produce beam-shaped specimens of (1 ± 0.1 mm 2 ) that was checked by digital caliper. The centralized 2 beams were taken from each tooth and so a total of 12 beams were obtained for each class. The bond strength test was performed immediately after cutting. The beam specimens were attached with cyanoacrylate gel (Zapit; Dental Ventures of America, Corona, CA, USA) to the testing customized microtensile jig. This jig is designed to fit the Instron Universal testing machine (Bisco Inc. Schaumburg, IL, USA). The tensile load was applied at a crosshead speed of 0.5mm/minute until specimen failure occurred. At this point the failure load in Newton was recorded. The bond strength was calculated as the ratio between the failure load and the beam area to express bond in Mpa.
RESULTS

Effect of cavity depth on the mean microtensile bond strength (MPa) regardless of other variables:
Mean and standard deviation (SD) for the microtensile bond strength (MPa) for different cavity depths regardless of other variables were presented in table (1) and figure (1) . A cavity depth of 2 mm showed highest significant mean microtensile bond strength (MPa) (22.72±3.81) compared with that of 4 mm (21.15±5.11) at p=0.001. Mean and standard deviation (SD) for the microtensile bond strength of different resin composite regardless of other variables were presented in table (2) and figure (2) . Nanohybrid resin composite showed the highest significant mean microtensile bond strength (22.27±4.59) compared with Bulkfill resin composite (21.56±4.58) at p=0.009.
Effect of the testing periods on the mean microtensile bond strength (MPa) regardless of other variables:
Mean and standard deviation (SD) for the microtensile bond strength (MPa) for the testing periods regardless of other variables were presented in table (3) and figure (3) . It was shown that there was a significant difference between all testing periods, where microtensile bond strength tested after 24 hrs showed the highest significant mean value of (26.88±1.48), followed by that tested after 3 months (21.93±1.84). Whereas the least mean microtensile bond strength values were after 6 months testing period (16.58±2.13).
Interaction between variables on mean
Micrtensile bond strength (MPa):
Mean and standard deviation (SD) for the microtensile bond strength (MPa) for different tested variables were presented in table (4) and figure (4). When Nanohybrid resin composite packed in cavities of 2mm depths and tested after 24 hrs showed the higher mean value (27.65±0.93), while when the Bulk fill resin composite packed in cavities of 4mm depth and tested after 6 months showed the lowest mean value (14.45+1.73). 
DISCUSSION
The durability of bonds between resin and tooth substrates is of significant importance for the clinical longevity of resin bonded restorations. Bonding to enamel is thought to be reliable and durable, especially using etch-and-rinse adhesives. On the contrary, the long-term stability of resin-bonded dentin remains questionable. In vitro laboratory studies reported decreases in dentin bond strength after long-term storage in water. Although in vivo long-term durability studies reported the degradation of hybrid layers over time, they are still limited with respect to number and adhesive type (9, 10) .
Regarding the effect of cavity depth on mean microtensile bond strength regardless of other variables, a cavity depth of 2 mm showed highly significant difference in the mean microtensile bond strength than that one tested at 4 mm depth. This might be attributed to the ability of light to pass and reach the whole thickness of the packed 2mm increment (11) obtaining maximum polymerization with consequent improvement of the bond strength (12) . Moreover, the high bond strength at 2mm depth might be due to the fact that bonding to superficial dentin is better than that to deep dentin. At the superficial dentin, the hybrid layer formation is more than resin tags as the number of dentinal tubules in proportion to inter-tubular dentin is lesser than that at deep dentin (13) . These findings were in agreement with several authors (14) (15) (16) (17) (18) . On the other hand, these findings were in disagreement with Lopes et al, 2009 (19) who concluded that bond strength to deep dentin in vivo was similar to shallow dentin. This might be due to differences in study conditions. As they prepared class I cavities that were confined with walls from all sides. In addition, they used etch and rinse adhesives not self etch ones. Moreover, they assessed the bond strength after one week and 4 weeks post insertion periods. Concerning the effect of different resin composites on mean microtensile bond strength regardless of other variables, the Nanohybrid resin composite showed the highest significant mean microtensile bond strength compared with Bulkfill resin composite. This might be due to the incremental packing technique that was used with the nanohybrid composite. The incremental packing allowed for better polymerization of the resin composite as the increment thickness did not exceed 2mm which is the recommended thickness for most of the used types of composite. This was in agreement with (Price et al, 2000 and Ghavamnasiri et al, 2007) (20, 21) . Oppositely, these findings were in disagreement with Furness et al, 2014 and Webber et al, 2014 (22, 23) . This contradiction might be attributed to using different approach of adhesive as they used etch and rinse approach. Additionally, they tested their materials extra-orally (in vitro) depending on thermocycling to simulate the oral cavity conditions. Moreover, concerning Furness et al, they worked on class I cavities that is completely different of class II preparations. While for Webber et al, they used flowable bulkfill composite with better flowability and maximum adaptation and bond strength. Regarding the effect of the post insertion periods on mean Microtensile bond strength regardless of other variables, the bond strength after 24 hours showed highest significant mean value followed by significant decrease after 3 months followed by a further significant decrease after 6 months. This could be explained due to the bio-degradation process of resin based materials, as the plasticization effect is recognized to affect all properties after few months of application (24, 25) . In addition, the daily rate of consumption of aqueous solutions inside the oral cavity can not be neglected as long as the role of water sorption which drastically affects the micro tensile bond strength of the resin based materials used. Since the hydrophilic adhesives tend to rapidly absorb water, owing to their chemical composition of lower filler content (26) , which results in polymer swelling, plasticizing and weakening of the polymer network. It is possible that these changes would make resin-dentin interface created by hydrophilic self-etch adhesives much more unstable over time. Thus, adhesives within hybrid layer could affect the long-term durability of resin-dentin bond (27) (28) (29) . As the self-etch adhesive might absorb the water from dentinal tubules during bonding by osmosis, leading to nano-leakage formation with a subsequent decline in the bond strength. This was also supported by other studies that have shown that water trees, water bubbles and phase separation occurred in the adhesive interface of self etch adhesives. These results were in agreement with many authors (30) (31) (32) (33) stating that resin/dentin bonds degrade overtime. Many factors can cause the degradation; among them are exposure to water, incomplete hybridization and residual solvent of the adhesive (34) . Manso et al in 2008 (35) , reported that the adhesive dentin bond strength was significantly reduced after 3 months of water storage. It was suggested that bond durability might be related to both compositional differences of adhesive systems and their ability to completely infiltrate the de-mineralized dentin matrix (36) .These findings were contradicted with Belli et al, 2010 (37) who reported high bond stability for all the adhesives used after one year with no statistically different bond strength values measured at 24 hours. This contradiction might be attributed to difference in the nature of the study as it was in vitro study without all the conditions of oral environment that favor the composite biodegradation. Moreover, another attribution might be presence of enamel margins in the cavity preparations. Enamel margins were effective in preventing water infiltration from wet environments, protecting the inner dentin substrate from water degradation. Additionally, Martins et al 2009 (38) also disagreed with the findings of the present study as they observed no degradation of the bond strength after 6 months of water storage.
CONCLUSION
Under the limits of the present study it could be concluded that cavity depth has an apparent influence on bond strength of the tested restoratives to dentin. In addition, the improved bonding quality of both tested materials with their different application techniques during the initial testing period deteriorates with aging. Finally, the bulkfill composite wih self-etch adhesive system might be successfully adapted to optimize the bond strength of resin composite to dentin.
